The tissues of hepatocellular carcinoma were operatively resected from six patients. All four components of the systems of microsomal cytochrome P-450-linked monooxygenase of the tissues were investigated and compared to those of normal liver tissue. The concentrations of cytochromes P-450, P-420 and b5 were measured optically and the concentrations of all components except cytochrome P-450 were measured by the Western blotting method followed by immunochemical staining. In microsomes of hepatocellular carcinoma tissues, there was as much cytochrome P-450 and other redox components as in the normal liver tissues, but cytochrome P-450 in liver cancer tissues was unstable and easily converted to cytochrome P-420. The specific activities of NADPH-and NADH-ferricyanide and cytochrome c reductase of each sample were also measured. In the microsomes of the cancer tissues, the specific activities were remarkably reduced compgared with those of normal liver tissues. The lipid compositions of the microsomes and the phospholipid/cholesterol ratios (w/w) were 13.1 + 3.13 in the cancer tissues and 43.0 + 6.74 in normal liver tissues. This difference of the lipid composition elucidates the instability of cytochrome P-450 molecules and the inefficiency of the electron transport of cytochrome P-450-linked monooxygenase systems.
The microsomal cytochrome P-450-linked monooxygenase system of the liver is important in drug metabolism (Cooper et al., 1965) and carcinogenesis (Norman et al., 1979) . The system contains five components: NADPH-cytochrome P-450 reductase, NADPH-cytochrome b5 reductase, cytochrome b5, desaturase and cytochrome P-450 (lyanagi & Mason, 1973; Hrycay & Prough, 1974) . In human liver microsomes, there are multiple molecular forms of cytochrome P-450, some of which have been isolated and purified (Wrighton et al., 1986; Wang et al., 1983) .
Although considerable information is available about the influence of chemically induced hyperplastic tumours on drug-metabolising enzymes in laboratory animals Astrom et al., 1983) , there is little information on changes in these enzymes induced in human liver by neoplasia such as hepatocellular carcinoma. In the preneoplastic stage of chemically induced hepatic nodules of rats, these drug-oxidising enzymes are decreased (Farbe, 1984) , but in human hepatic neoplasms there is no report on the enzyme molecules of the microsomal cytochrome P-450-linked monooxygenase systems except for their activities (El Mouelhi et al., 1987) .
The absorption at 450nm of reduced cytochrome P-450 under carbon monoxide is unusual among the known b-type cytochromes, but the electron paramagnetic resonance absorption of this cytochrome is typical and easily detectable (Mason et al., 1965) . Some workers have reported the electron paramagnetic resonance spectra of the high-spin or low-spin forms of cytochrome P-450 in microsomes or purified cytochromes P-450 of animals (Ichikawa & Yamano, 1970; Ichikawa et al., 1967) . No electron paramagnetic resonance spectrum of the intact tissues of normal human liver or hepatic neoplasm has been reported. The electron paramagnetic resonance spectra of normal liver and hepatocellular carcinoma tissues of humans were measured.
In many species, the lipid compositions of hepatic microsomes have been measured to predict the properties of the lipid bilayers; the molar ratios of phospholipid to cholesterol in human liver microsomes have been estimated to be 14.5 (Waskell et al., 1982) and 7.5 (Kapitulnik et al., 1987) , and the weight ratio to be 30.9 (Benga et al., 1983) . But the relationship between the change of the lipid composition and carcinogenesis has not been clarified. (Bradford, 1976) . Enzyme preparations Cytochrome b5, NADPH-cytochrome P-450 reductase and NADH-cytochrome b5 reductase of bovine liver microsomes were purified by the methods of Spatz & Strittmatter (1973) . These enzymes were electrophoretically pure and each gave a single protein band on SDS-polyacrylamide gel electrophoresis.
SDS-polyacrylamide gel electrophoresis SDS-polyacrylamide gel electrophoresis was done by the method of Laemmli (1970) . The purified cytochrome b5, NADPH-cytochrome P-450 reductase and NADHcytochrome b5 reductase from bovine liver microsomes were measured spectrophotometrically with the molar extinction coefficients of 163.0 mm-v 1 cm-1 at 424 nm (Spatz & Strittmatter, 1973) , 21.4mM -1 cm -1 at 454 nm (Oprian & Coon, 1982) , and 10.2mM-1 cm-l at 460nm (Spatz & Strittmatter, 1973) , respectively.
Antisera preparations
Chicken anti-bovine cytochrome b5, NADPH-cytochrome P-450 reductase and NADH-cytochrome b5 reductase were prepared by the method of Hamamoto et al. (1986) .
Analytical procedures Microsomes were suspended in 0.1 M potassium phosphate buffer, pH 7.4 to the protein concentration of 1.0mg ml -1. The concentrations of cytochromes P-450 and P-420 of each suspension were measured from the difference spectra of sodium dithionite-reduced samples, with a value of 91 m-cm-I assumed for the molar extinction increment between 450 and 490 nm for cytochrome P-450 (Omura & Sato, 1964a ) and a value of 110 M-cm -assumed for between 420 and 490 nm for cytochrome P-420 (Omura & Sato, 1964b) . In the measurement of the difference spectra, both sample and reference cuvets were bubbled with carbon monoxide to cancel the absorption peak derived from contaminated deoxyhaemoglobin, followed by reduction of the sample cuvet with sodium dithionite. By this method, the absorption of deoxyhaemoglobin can be cancelled, but methaemoglobin cannot be. To estimate the content of methaemoglobin in each tissue, the difference spectra were measured as follows: the sample and reference cuvets were bubbled with mixed gas of carbon monoxide and oxygen (CO:O2=1:1 (v/v)) and the sample cuvet was reduced with sodium dithionite. In this difference spectrum, the absorption peak at 420 nm was that of methaemoglobin.
The concentrations of cytochrome b5 in microsomal suspensions were measured by the absorbance difference of 424-409 nm in the difference spectra of NADH-reduced sample minus an air-saturated sample with the molar extinction coefficient 185 Mm -1 cm -1 (424-409 nm) by the method of Omura and Sato (1964a, b) .
The cytochrome b5, NADPH-cytochrome P-450 reductase and NADH-cytochrome b5 reductase of the microsomes were measured by the Western blotting method followed by immunochemical staining by the method of Hamamoto et al. (1986) .
Activities of NADPH-and NADH-ferricyanide and NADPH-and NADH-cytochrome c reductase of each microsome sample were measured by the method of Hiwatashi et al. (1976 Folch et al. (1957) . Briefly, 0.1 ml of microsomal suspension containing 0.5mg of protein was suspended in 0.9 ml of a 2:1 chloroform-methanol mixture (v/v) and thoroughly mixed with a vortex mixer for 3 min. The suspensions were centrifuged at 2,000g for 10min to remove the denatured proteins, and the supernatants were collected. These crude extracts were mixed thoroughly with 0.2 volumes of distilled water. The mixtures were centrifuged at 2,000g for 10min again. The upper phase was removed as quickly as possible, This washing procedure was repeated three times and the lower phases and the remaining rinsing fluids were put into one phase by the addition of 0.1 ml of methanol. These extracts were filtered with an Acro LC13 filter from Gelman Sciences Inc. Phospholipids in the solutions were analysed by HPLC by the method of Kaduce et al. (1983) with minor modifications.
Cholesterol analysis A microsome pellet (5mg of protein) was suspended in 1 ml of 0.1 M potassium phosphate buffer, pH 7.4, containing 0.1% phenol and 0.3% cholic acid. This mixture was incubated for 30min at room temperature. The cholesterol concentration of this mixture was measured with a Cholesterol C-test kit by the improved method of Barenholz et al. (1978) .
Results
Concentrations of cytochromes b5, P-450 and P-420 in hepatocellular carcinoma The concentrations of cytochromes b5, P-450 and P-420 of microsomes of human hepatocellular carcinoma and normal liver tissues were measured spectrophotometrically (Table I) . These results indicate that the regions distant from the cancer nodules had cytochromes b5, P-450 and P-420 at levels comparable to those in normal liver tissues. Even in the hepatocellular carcinoma tissue, the sum of cytochromes P-450 and P-420 are similar to those in normal livers or distant regions. But in hepatocellular carcinoma, the ratios of cytochrome P-450 to the sum of cytochromes P-450 and P-420 are smaller than for other samples. It is known that the affinity of haemoglobin to carbon monoxide is much stronger than that of cytochrome P-450 (Ichikawa et al., 1967) . In the measurement of the difference spectra using the mixed gas of carbon monoxide and oxygen, the purified cytochrome P-450 was not bound to carbon monoxide whereas haemoglobin was bound. Using this result, concentrations of contaminated methaemoglobin of the microsomal suspensions were measured and the contents of contaminated methaemoglobin were negligible compared to those of cytochrome P-420 (data not shown). So, the absorption peak at 420nm of the carbon monoxide-difference spectrum was looked upon as that of cytochrome P-420. The concentrations of cytochrome b5 in the cancer tissues were also decreased to about one-eighth those in normal liver tissues or distant regions of the cancers.
Specific activities of NADPH-or NADH-ferricyanide reductase, cytochrome c reductase and cytochrome P-450 reductase Table II shows the activities of NADPH-and NADHferricyanide reductase and NADPH-and NADHcytochrome c reductase of the microsomal preparations. The results indicate that the activities of NADPH-or NADHferricyanide reductase were almost the same for the three groups. On the other hand, NADPH-or NADH-cytochrome c reductase activities were higher in normal livers or distant regions than in hepatocellular carcinoma tissues. These findings suggest that in microsomes from the cancer, the electron can be easily transferred to ferricyanide, but it is difficult for macromolecules such as cytochrome c.
Measurement of cytochrome b5, NADPH-cytochrome b5 reductase and NADPH-cytochrome P-450 reductase by Western blotting NADPH-and NADH-cytochrome c reductase activities were low in hepatocellular carcinoma tissues for two possible reasons: a decrease in the concentrations of cytochrome b5, NADPH-cytochrome P-450 reductase or NADH-cytochrome b5 reductase in cancer tissues, or low efficiency of electron transport from NADH or NADPH to cytochrome c via NADH-cytochrome b5 reductase. The concentrations of cytochrome b5, NADH-cytochrome b5 reductase and NADPH-cytochrome P-450 reductase were measured immunochemically. Figure 1 shows the immunochemicall) stained cellulose nitrate papers of typical tissues stained witk antibodies of cytochrome b5, NADH-cytochrome b5 reductase and NADPH-cytochrome P-450 reductase. The results are summarised in Table III , which shows that the concen trations and the molecular weights of the three components are almost the same for all microsomal samples. Thiz supports the second possibility. Lipid compositions of the microsomes The lipid compositions of the prepared microsomes of normal and cancer liver tissues were analysed by HPLC. Phospholipid compositions, cholesterol concentrations and phospholipid/cholesterol ratios of microsomes of the three groups are listed in Table IV . This table indicates that phosphatidyl choline was decreased and cholesterols were increased in the cancer tissues compared with the tissues of distant region or normal liver, so the phospholipid/ cholesterol ratios were decreased to 13.1 (w/w) in cancer microsomes. In the distant region from the cancer nodule, only cholesterols were increased and the phospholipid/ cholesterol ratios were slightly decreased.
Discussion
The cytochrome P-450-linked monooxygenase systems of human hepatocellular carcinoma were investigated optically and compared with normal liver tissues. In hepatocellular carcinoma, the sum of microsomal cytochromes P-450 and P-420 per millgram of protein were almost the same as those of the distant regions or normal liver tissues, but the ratios of cytochrome P-450 to the sum of cytochrome P-450 and P-420 were much lower in the microsomes of the hepatocellular carcinoma tissues than in normal liver microsomes, although the microsomes from the cancer tissue and its distal region were simultaneously prepared. The stability of cytochrome P-450 molecules in cancer tiisues may be affected by the abnormal protein structure of an abnormality of the microsomal membranes. In order to observe the instability of cytochrome P-450 molecules in whole tissues of the cancer, distant region and normal liver, the electron paramagnetic resonance spectra were measured at 15 K; typical spectra are shown in Figure  2 . Judging from the signal height at g=2.25 for low spin form and g=8.05 for high spin form, the cytochrome P-450 contents of whole tissues were decreased to about half in hepatocellular carcinoma tissues compared to the normal liver tissues. These differences in cytochrome P-450 contents in normal and cancer tissues may be due to the changes of circumstances of cytochrome P-450 molecules in cancer tissues, because the sum of the concentrations of cytochromes P-450 and P-420 in cancer tissues is almost comparable to that in the normal tissues spectrophotometrically. The term 'circumstances' means the lipid composition of the microsomal membrane, endogenous substrate, pH, microsomal membrane fluidity and electrolyte composition. Some kinds of hepatocellular carcinoma tissues had a strong EPR signal at g = 6.70 and weak EPR cytochrome P-450 signals at other g values. This spectrum indicates that in certain kinds of hepatocellular carcinoma, the rhombicity of the haem moiety of cytochrome P-450 molecule may be changed; in such cancer tissue, almost all cytochrome P-450 is irrever-sibly converted to cytochrome P-420. These results strongly suggest that cytochrome P-450 of the cancer tissues is already converted to the denatured form 'cytochrome P-420' even in the intact cancer cells, although cytochrome P-420 gives various spin forms (Ichikawa & Yamano, 1970) .
Activities of NADPH-and NADH-ferricyanide reductase and NADPH-and NADH-cytochrome c reductase of each kind of microsome were measured. In cancer microsomes, ferricyanide reductase activities were the same as those in normal microsomes, but cytochrome c reductase activities were low. These findings suggest that in cancer microsomes the electron can be easily transferred by the microsomal cytochrome P-450-linked electron transport systems in hepatocellular carcinoma tissues to smaller molecules such as ferricyanide, but not to cytochrome c, and that the electron transport efficiency is low. Thus, in the microsomal cytochrome P-450-linked monooxygenase system, the electron transport from NADH or NADPH to cytochrome P-450 is impaired.
This property of microsomal cytochrome P-450-linked monooxygenase systems in hepatocellular carcinoma tissues may be explained by the following hypotheses: (1) abnormal protein structure of the components of the monooxygenase system; (2) aponisation of the components of cytochrome P-450-linked monooxygenase system; and (3) abnormal structures and contents of the components of the microsomal membranes.
The microsomes were analysed by the Western blotting method with antibodies to cytochrome b5, NADHcytochrome b5 reductase or NADPH-cytochrome P-450 reductase. The concentrations were at the same levels in normal and cancer microsomes. Their monomeric molecular weights were the same. This indicates that in the cancer microsomes apoenzymes of the microsomal monooxygenase systems that cross-react with each antibody exist in equal amounts. The concentration of cytochrome b5 measured by Western blotting was less than the optical concentration. This may be due to the affinity of the immune reaction of the antibodies used in this experiment to human microsomal cytochrome b5 being lower than its affinity to that of bovine microsomes with which the antibodies were made. The concentrations of NADPH-cytochrome P-450 reductase and NADH-cytochrome b5 reductase measured by Western blotting may also be lower than the real concentrations.
To examine hypothesis 3, the lipid compositions of each kind of microsome were measured and the phospholipid/cholesterol ratios were calculated. The concentrations of cholesterols per milligram of protein were increased and those of phosphatidyl choline were decreased in cancer microsomes, but the total phospholipid concentration was not different. The cancer microsomes had lower phospholipid/cholesterol ratios than those of other microsomes, and the microviscosity of the cancer microsomes may be lower than that of normal microsomes (Kapitulnik et al., 1987) . Some membrane-bound enzymes, such as glucose-6-phosphatase, UDP-glucuronyltransferase and calciumdependent ATPase, are unstable after treatment with phospholipase A (Fiehn & Hasselbach, 1970) . Strobel et al. (1970) reported that the interaction between NADPHcytochrome P-450 reductase and cytochrome P-450 requires the presence of phosphatidyl choline. The microsomal cytochrome P-450-linked monooxygenase systems may require the normal composition of phospholipids, especially phosphatidyl choline, and cholesterols to transport electrons efficiently. These results strongly support possibility 3 for the low efficiency of electron transport in cancer microsomes.
In primary cancer of the mammalian liver, the activities of both oxidative (phase I) and conjugative (phase II) enzymes are decreased (El Mouelhi et al., 1987) . In human liver malignancies such as hepatocellular carcinoma, it seems that the membrane lipid composition is different from that of normal liver tissue. The difference may reduce the oxidative and conjugative activities of the cancer.
The biochemical properties, including the concentrations and activities of microsomal cytochrome P-450-linked monooxygenase systems and microsomal lipid compositions of the distant regions were not statistically different from those of normal liver tissues except for the cholesterol concentrations. Whether this difference has some meaning or not remains to be investigated.
